International Journal of COPD Dovepress 

open access to scientific and medical research 

Q Open Access Full Text Article R E V I E W 

Influence of diet and obesity on COPD 
development and outcomes 



This article was published in the following Dove Press journal: 
International Journal of COPD 
5 August 2014 

Number of times this article has been viewed 



Corrlne Hanson' 
Erica P Rutten^ 
Emiel FM Wouters^'^ 
Stephen Rennard'' 

'Division of Medical Nutrition 
Education, School of Allied Health 
Professions, University of Nebraska 
Medical Center, Omaha, NE, USA; 
^Research and Education, Centre of 
Expertise for Chronic Organ Failure, 
Horn, The Netherlands; 'Department 
of Pulmonary Diseases, University 
of Maastricht, Maastricht,The 
Netherlands; ''Division of Internal 
Medicine, University of Nebraska 
Medical Center, Omaha, NE, USA 



Correspondence: Corrine Hanson 
Division of Medical Nutrition Education, 
School of Allied Health Professionals, 
University of Nebraska Medical Center, 
984045 Nebraska Medical Center, 
4242 Dewey Avenue, Omaha, 
NE 68198-4045, USA 
Tel +1 402 559 3658 
Fax+I 402 559 7565 
Email ckhanson@unmc.edu 



Abstract: The global increase in the prevalence and incidence of obesity has called serious 
attention to this issue as a major public health concern. Obesity is associated with many chronic 
diseases, including cardiovascular disease and diabetes, and recently the role of overweight and 
obesity in lung disease has received new interest. Independently of obesity, diet also plays a 
role as a risk factor for many chronic diseases, and evidence is accumulating to support a role 
for diet in the prevention and management of several lung diseases. Chronic obstructive lung 
disease is the third-leading cause of death globally, and both obesity and diet appear to play 
roles in its pathophysiology. Obesity has been associated with decreased lung-function mea- 
sures in population-based studies, with increased prevalence of several lung diseases and with 
compromised pulmonary function. In contrast, obesity has a protective effect against mortality 
in severe chronic obstructive pulmonary disease (COPD). Nutrient intake and dietary patterns 
have also been associated with lung-function measures and the development and progression of 
COPD. Taken together, this suggests that a focus on obesity and diet should be part of public 
health campaigns to reduce the burden of Ivmg disease, and could have important implications for 
clinicians in the management of their patients. Future research should also focus on elucidating 
these relationships in diverse populations and age-groups, and on understanding the complex 
interaction between behavior, environment, and genetics in the development and progression 
of COPD. The goal of this article is to review current evidence regarding the role that obesity 
and diet play in the development of COPD, and in COPD-related outcomes. 
Keywords: diet, obesity, nutrition, lung function, COPD 

Introduction to the prevalence of obesity 

According to the World Health Organization (WHO), the worldwide prevalence of 
obesity has nearly doubled since 1980.' In 2008, more than 1.4 billion adults (35%) 
around the world were considered overweight, and of these over 200 million (11%) 
adults were classified as obese.' Obesity is commonly defined using body mass index 
(BMI). The WHO classifications of body weight using BMI are given in Table 1. 
BMI can be used for both sexes and for all ages of adults, therefore providing a useful 
population-based measure of body habitus. It does, however, have limitations in that 
it may not represent the same level of fatness in different individuals. For instance, 
those with increased muscle mass may have elevated BMI in the presence of low-fat 
mass, and likewise a high BMI could mask a loss of lean body mass. 

National survey data collected in different nations support the increasing prevalence 
of obesity as a rising public health issue in most developed countries. Most commonly in 
the US data from the National Health and Nutrition Examination Survey (NHANES) are 



submit your manuscript | www.dovepress 
Dovepress 

http://dx.doi.org/IO.2l47/COPD.5SOI 1 1 



International Journal of COPD 2014:9 723-733 



723 



© 2014 Hanson el al. This work is published by Dove Medical Press Limited, and licensed under Creative Commons Attribution - Hon Commercial (unported, vi.O) 
I License. The full terms of the License are available at http://creativecommons.Org/licenses/by-nc/3.0/. Non-commercial uses of tfie work are permitted without any further 
permission from Dove Medical Press Limited, provided the work is properly attributed. Permissions beyond the scope of the License are administered by Dove Medical Press Limited. Information on 
how Co request permission may be found at: http://www.dovepress.com/permissions.php 



Hanson et al 



DoveT>ress 



Table I World Health Organization body mass index (BMI) 
classifications 



Category 



BMI 



Severe thinness 
Moderate thinness 
Mild thinness 
Normal range 
Overweight 
Preobese 
Obese class I 
Obese class II 
Obese class III 



<I6.0 

16.0-16.9 

17.0-18.49 

18.5-24.9 

2:25.0 

25.0-29.9 

30.0-34.9 

35.0-39.9 

2:40 



Note: Reproduced with permission of the publisher from World HeoHh Organization. 
Obes'tty and overweight. 20 1 3. Availablefrom: http://apps.who.int/bmi/index.jsp?introPag e= 
intro_3.html . Accessed December 6, 201 3.' 



used to monitor the health and nutrition status of the civihan, 
noninstitutionahzed US population. Data from NHANES in 
2009-2010 showed that over a third (35.7%) of all US adults 
were obese,^ and the rate of increase in the proportion of the 
population classified as overweight showed an alarming increase 
from 36.9% in 1976 to 62.0% in 2008.^ Compared to the US, the 
rate of obesity in Canada is significantly lower (24. 1 % compared 
to 34.4% when using 2008 data, P<0.05). However, the rate of 
increase in obesity in men in Canada of 10% over the last 20 
years is comparable to the rate of increase in US men at 12%.^* 
High prevalence of obesity is also seen in North Africa, the 
Middle East, Cenfral and Southern Latin America, and southern 
sub-Saharan Afiica, ranging from 27.4% to 3 1 . 1 %.^ 

Influence of obesity and diet 
on the global burden of disease 

Overweight and obesity are estimated to be the fifth leading 
cause of death around the world, which franslates into roughly 
208 million adults that die each year as a result of overweight 
or obesity. The WHO also estimates that 44% of the global 
health burden of diabetes, along with 23% of the ischemic 
heart burden and between 7% and 41% of the burden of 
certain cancers, are attributable to overweight and obesity. 
Increase in BMI is also a major risk factor for degenerative 
joint conditions, such as osteoarthritis.' 

Understanding the contribution of individual risk factors 
to the overall burden of disease is essential to inform pubhc 
health initiatives targeting prevention. The Global Burden of 
Disease (GBD) study provides a global and regional compara- 
tive assessment of mortality and disability-adjusted life years 
(DALYs) attributable to ten major risk factors.' A category 
titled "Dietary risk factors and physical inactivity" is one of the 
ten risk-factor categories. This category is further subdivided 
into 15 subcategories, 14 of which relate directly to dietary 



intake. Analysis of the GBD 2010 concluded that dietary risk 
factors and physical inactivity were responsible for the largest 
portion of global disease burden, accounting for 10.0% of 
global DALYs in 2010. Of the individual dietary risk factors, 
the largest attributable burden was associated with diets low 
in fruit, followed by diets high in sodium.'' These results also 
highlighted a dramatic shift in the contribution of risk factors 
for disease since 1990, from risk factors that mainly cause 
communicable diseases in children, to risk factors that cause 
noncommunicable diseases in adults. 

Chronic obstructive pulmonary disease (COPD) is another 
condition that is associated with severe morbidity and mortal- 
ity globally. COPD is characterized by airflow obstruction, 
and is the umbrella term for two conditions: chronic bron- 
chitis and emphysema, both of which are related to similar 
etiologies and may coexist. Lung function, which is readily 
measured by spirometry, is the defining feature of COPD. 
A low ratio of forced expiratory volume in 1 second (FEVj) 
to forced vital capacity (FVC) is currently used to define 
the presence of airflow limitation. Because FVC becomes 
difficult to measure as disease worsens, measurements of 
FEVj are often used as an indicator of disease severity and to 
describe lung function in epidemiological studies. COPD is 
currently the third leading cause of death globally' A relation- 
ship between obesity and COPD is increasingly recognized, 
though to date remains largely unexplored. 

The association between 
obesity and COPD 

The relationship between COPD and body composition has 
been extensively studied. Most commonly, malnutrition 
has been examined in relationship to COPD, and it is well 
accepted that undernutrition in COPD patients contributes to 
poor outcomes. Underweight and low BMI are independent 
risk factors for mortality in patients with COPD.** ' 
However, given the global increase in risk factors related to 
development and progression of noncommunicable diseases, 
recently there has been increased interest in the interrelation- 
ship between obesity and COPD. 

Data exist to support the coexistence of obesity and COPD. 
In 650,000 subjects evaluated as part of the Canadian National 
Health Survey, the prevalence of obesity was significantly 
higher in COPD subjects when compared to those without 
COPD (24.6% and 1 7. 1 %, respectively P<0.00 1 ). " However, 
the prevalence of obesity in subjects with self-reported COPD 
increased by 5% over a 14-year period, while it rose by 38% 
in non-COPD subjects over the same period." Patients with 
COPD in the Netherlands had an obesity prevalence of 18%, 
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and the highest rates were in patients with milder spirometric 
disease severity (GOLD [Global initiative for chronic Obstruc- 
tive Lung Disease] 1 and 2) and was lowest in those with severe 
disease (GOLD 4) (16%-24% versus 6%).'^ An even higher 
prevalence of obesity was reported in an adult multiethnic 
cohort of early stage COPD patients in the US.'^ In this study, 
54% of subjects had BMI measurement of greater than 30, 
compared to the 20%-24% reported prevalence for the general 
adult population of that region. These data suggest that obesity 
is more prevalent in patients with COPD than in the general 
population; however, not all studies confirm this finding. In 
a population-based study conducted in five Latin American 
cities, there were higher proportions of COPD subjects in the 
underweight and normal-weight categories when compared 
to non-COPD patients, and a lower proportion in the obese 
category. There were also no differences in BMI among the 
GOLD strata. The prevalence of obesity in those with COPD 
was 23%, compared to 32%) in subjects without COPD." 

The role of BMI relative to the risk of impaired lung fimc- 
tion has also been investigated. Obesity is known to contribute 
to other respiratory illnesses, including asthma, sleep apnea, 
pulmonary embolism, and hypoventilation syndrome,''"" mak- 
ing it logical to investigate obesity as a risk factor for loss of lung 
function. Reductions in FEVj and FVC have been documented 
in extremely obese subjects, as well as a reduction in lung 
volume.""* Both BMI and weight gain have been associated 
with declines in lung fimction in the general population.""^' 
A large cross-sectional, population-based study conducted in 
France concluded that abdominal obesity was the strongest 
predictor of lung-flinction impairment (odds ratio [OR] 1.94, 
95% confidence interval [CI] 1.80-2.09; and OR 2.1, 95% CI 
1.95-2.29; for FEVj and FVC, respectively).^^ Waist circum- 
ference and waist-to-hip ratio have been associated with lung 
function in normal weight, overweight, and obese adults,^-'-" 
suggesting that distribution of fat (ie, subcutaneous versus 
visceral fat mass or abdominal versus lower-extremity fat 
mass) may be important. However, conflicting reports exist, 
as one study did not find any relationship between total lung 
capacity and truncal fat volume.^' Longitudinal evaluation of 
age-related changes in lung fimction relative to BMI found that 
among healthy young adults, FEVj and FVC decrease both 
with higher baseline BMI and with increasing BMI over time, 
and that those subjects who reduced their BMI also increased 
these lung-flmction parameters.^"^'' Obesity, however, also has a 
protective effect on the level of hyperinflation as a consequence 
of a decreasing static lung volume with increasing BMI.^^ 

Obesity is a complex metabolic condition that influences 
many physiological systems. Adipose tissue is often considered 



to be an abundant source of proinflammatory mediators. '^-^ 
Systemic inflammation is considered a hallmark of COPD,-' 
and increased levels of proinflammatory mediators have been 
reported in the circulation of COPD patients.^' " However, 
not all patients with COPD demonstrate systemic inflamma- 
tion. In the ECLIPSE (Evaluation of COPD Longitudinally to 
Identify Predictive Surrogate Endpoints) study, only 1 6% of 
patients with COPD had persistent systemic inflammation at 
baseline.''' However, it is interesting to note that the patients 
with systemic inflammation in this study were more obese, 
with a mean BMI of 29.4, compared to a mean BMI of 25.6 
in the group without persistent systemic inflammation. '* 
Increased levels of systemic inflammation had been earlier 
reported in relation to excessive fat mass in COPD patients. 
Specifically, tumor necrosis factor-a, interleukin (IL)-6 and 
leptin plasma levels have been shown to be significantly 
increased in overweight/obese COPD patients compared 
with normal- weight patients,^'' and the likelihood of having 
elevated C-reactive protein in COPD patients was found to 
be 3.3 times higher in obese patients (BMI>30) compared 
to normal-weight patients, after adjusting for relevant con- 
founders. '' A study by Rutten et al also demonstrated that 
abdominal fat mass is positively associated with plasma 
C-reactive protein levels in patients with COPD." Interest- 
ingly, it has been shown that nonobese patients with COPD 
have more visceral fat mass compared to control subjects, 
and this was associated with increased IL-6 levels.'** Whether 
this contributes to the pathophysiology of COPD has yet to 
be determined. 

The impact of obesity 
on COPD outcomes 

Patients with COPD are at increased risk for the develop- 
ment of comorbid conditions often associated with obesity, 
including cardiovascular disease,''' diabetes,'"' and metabolic 
syndrome."" Metabolic syndrome is a cluster of risk factors 
(ie, hypertension, dyslipidemia, glucose intolerance) asso- 
ciated with an increased risk for the development of type 2 
diabetes and cardiovascular disease.''^ Studies investigating 
the prevalence of metabolic syndrome in patients with COPD 
have shown increased rates of metabolic syndrome in COPD 
subjects when compared to those without COPD."" In a small 
study of patients with severe COPD referred for pulmonary 
rehabilitation, 47% of patients fulfilled the diagnostic criteria 
for metabolic syndrome, compared to 21%) in age- and sex- 
matched controls.'''' Similar results were reported in a larger 
study including patients with chronic bronchitis and COPD.''' 
In a large cross-sectional population-based study, the risk 
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of metabolic syndrome was 40% higher in subjects with 
restrictive lung-ftinction impairment compared to subjects 
with normal lung function."^^ 

It has long been recognized that obese individuals expe- 
rience increased symptoms of dyspnea and more exercise 
limitation than nonobese individuals, independently of 
the presence of airflow limitation.'"'"' Because of extrinsic 
compression of the chest, obesity causes a reduction in vital 
capacity, which is most marked in the expiratory reserve 
volume.''*^ Functional residual capacity may approach 
residual volume with marked obesity.*'* The compression 
of the lung tissue can lead to atelectasis, compromis- 
ing ventilation-perfusion matching and thus leading to 
hypoxemia, which may correct with exercise and deeper 
inhalation. The reduction in lung operating volumes leads to 
expiratory airflow limitation and dynamic hyperinflation.'"-^'' 
In asthma, this worsens with bronchospasm.''' Together with 
the increased oxygen cost for exercise due to the metabolic 
cost resulting from the increased weight, this dynamic 
hyperinflation likely contributes to the dyspnea on exertion 
noted by obese individuals and particularly those with 
asthma. In contrast to individuals with normal lungs and with 
asthma, obese patients with COPD do not experience more 
dyspnea than normal-weight COPD patients with similar 
degrees of obstruction at similar work rates. ^'-^^ Recently 
however, data of the ECLIPSE study showed more dyspnea 
and lower health status in obese compared to normal-weight 
COPD patients." 

There have been several studies that have investigated the 
impact of obesity on mortality in patients with COPD.*^''"''' 
In the epidemiological Copenhagen City Heart Study, obe- 
sity was associated with a 20%-34% increase in the relative 
risk (RR) of all-cause mortality in patients with mild-to- 
moderate COPD compared to normal-BMI patients with 
comparable disease severity.** However, the relative risk of 
all-cause mortality and COPD-related mortality was 0.62 and 
0.31, respectively, in patients with severe COPD compared 
to normal-weight patients with severe disease.** This sug- 
gests that obesity may exert different effects depending on 
disease severity. Other studies investigating the relationship 
between body weight and mortality in COPD patients have 
also observed a potential protective effect of obesity in those 
with severe COPD."""^" A recent meta-analysis concluded that 
underweight individuals with COPD were associated with 
higher mortality (RR 1.34, 95% CI 1.01-1.78), while both 
overweight and obese people were associated with a decrease 
in mortality (RR 0.47, 95% CI 0.33-0.68; and RR 0.59, 
95% CI 0.38-0.91; respectively) when compared to those 



with a normal BMI." A recent study that enrolled 968 patients 
hospitalized for acute exacerbation of COPD and followed 
them for a median time of 3 .26 years found that higher BMI 
was predictive of survival, with each 1 kg/m^ unit increase 
in BMI associated with 5% lower chance of death (hazard 
ratio 0.95, 95% CI 0.93-0.97).''' This possible association 
between obesity and improvement in outcomes in patients 
with COPD would seem to contrast with the epidemiological 
data for the general population, in which obesity is usually 
associated with a decreased life span.*"' This phenomenon 
known as the "obesity paradox",''- and the reasons for this 
protective effect of obesity have been extremely difficult to 
elucidate. Studies evaluating the obesity paradox in COPD 
are shown in Table 2. 

In comparison to mortality outcomes, there are even 
fewer data assessing the relationships between obesity and 
other COPD outcomes, such as progression of disease or 
exacerbations. While there is some evidence supporting a 
positive effect of obesity on such parameters,'''* ''^ this is an 
area that requires future research. 

Effect of diet on lung function 
and the development of COPD 

Epidemiological studies have documented a relationship 
between dietary intake and the maintenance of lung function 
and prevention of COPD. Analysis of NHANES data in the US 
population has shown that increased intakes of certain nutri- 
ents, including vitamin E, vitamin C, and total carotenes were 
all positively associated with FEVj.'''' Epidemiological studies 
in other parts of the world concur with this finding, includ- 
ing the MORGEN (monitoring project on risk factors and 
health in the Netherlands) study in Dutch adults, which found 
higher FEVj and FVC in those with high intakes of vitamin 
C and (3-carotene,''' and a comparable study in Nottingham, 
UK, which found that intakes of both vitamins C and E were 
independently associated with measures of lung function.'^* In 
a cross-sectional study in rural China, Hu et al calculated an 
increase of 21 .6 mL in FEVj (95% CI -0.4 to 43.5) and of 25 
mL for FVC (95% CI 0.2^9.6) for every 100 mg/day greater 
vitamin C intake.'''' Similar results for a relationship between 
lung function and vitamin E intake have been demonstrated in 
Finland,™ and vitamin C and (3-carotene intake in Scotland." It 
has been speculated that these relationships may be due in part 
to the antioxidant and anti-inflammatory properties of these 
nutrients. Indeed, intake of individual nutrients in COPD has 
been shown to modulate serum markers of oxidative stress. In 
a study of 267 stable COPD patients, intake of vitamin E was 
associated with decreased carbonyls (P=0.05), and olive oil 
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Table 2 Studies investigating the 


"obesity paradox" in COPD 








Study 


Design 


Sample 


Length of 
follow-up 


Primary outcome 


Results 


Landbo et a!" 


Prospective cohort 


1 ,2 1 8 men and 9 1 4 women 


1 7 years 


Mortality from 


In severe COPD, all-cause 




(the Copenhagen 


aged 21-89 years with 




COPD and all causes 


mortality decreased as 




City Heart Study) 


airway obstruction (FEV|: 
FVC ratio <0.70) 






BMI increased (RR 0.62, 
95% CI 0.41-0.94; P<0.00l 
for BMI >30 compared to 
BMI of 20-24.9) 


Jee et al" 


Prospective cohort 


1,213,829 Koreans aged 
30-95 years 


1 2 years 


Body weight and 
risk of death 


The risk of death from 
respiratory causes decreased 
progressively with increasing 
BMI; however, too few 
subjects had a BMI above 
30 for evaluation of obesity 


Hallin et al'" 


Prospective 


26 1 hospitalized patients 


2 years after 


Mortality 


Lowest mortality was in 




multicenter study 


with COPD 


hospitalization 




overweight patients 
(BMI 25-30) 


McGhan 


Prospective cohort 


51,353 patients who 


5 years 


Rates of rehospitalization 


Obesity was associated 


et al" 




were discharged after an 
exacerbation of COPD in 
the VA health care system 




for COPD and death 
from all causes 


with a reduction in the 
risk of death (HR 0.76, 
95% CI 0.70-0.82) 


Lainscak 


Retrospective 


968 patients hospitalized 


3.26 years 


Mortality and acute 


Higher BMI was 


et al" 


chart reviev^ 


due to acute exacerbation 
of COPD 




exacerbation of COPD 


independently predictive 
of survival, with each unit 
increase in BMI associated 
with 5% lower chance of 
death. Optimal BMI was in 
the overweight category 


Cao et al" 


Meta-analysis 


Included 22 studies comprising 
2 1 , 1 50 participants with 
COPD 


NA 


Mortality 


Overweight (RR 0.47, 95% 
CI 0.33-0.68) and obesity 
(RR 0.59, 95% CI 0.38-0.91) 
was associated with lower 
mortality 


Zapatero 


Retrospective 


3 1 3,233 patients admitted 


NA 


In-hospital mortality 


Obese patients showed a 


et al" 


chart review/ 


with COPD as the primary 
diagnosis 




and readmission within 
30 days 


lower in-hospital mortality 
risk (OR 0.52, 95% CI 
0.49-0.55) when compared 
to nonobese patients 



Abbreviations: COPD, chronic obstructive pulmonary disease; RR, relative risk; CI, confidence interval; FEV|, forced expiratory volume in I second; FVC, forced vital 
capacity; BMI, body mass index; VA, Veterans Affairs; HR, hazard ratio; NA, not available; OR, odds ratio. 



(which is high in co-3 polyunsaturated fatty acids) was asso- 
ciated with an increase in the anti-inflammatory compound 
glutathione (7^0. 01). Intake of vegetables was also related to 
a decrease in inflammatory compounds in former smokers.'^ 
However, not all studies confirm this relationship. In the 
Zutphen study, the intake of specific antioxidants was not 
associated with the development of nonspecific lung disease; 
however, higher intake of fruits (which are high in antioxidant 
compounds) was inversely related to disease development." 

Vitamin D status has also been related to measures of 
lung function;'''"™ however, these results remain conflicting." 
Serum 2 5 -hydroxy vitamin D levels are the currently used 
functional marker of vitamin D status,'^ and while vita- 
min D status is influenced by inputs other than diet, such 



as sun exposure, it is nonetheless a nutrient of interest in 
COPD. Intake of low-fat dairy products, but not specifi- 
cally vitamin D, was associated with less severe measures 
of emphysema (defined by lung density on computed 
tomography) in 3,271 subjects enrolled in the MESA 
(Multi-Ethnic Study of Atherosclerosis) trial {P=0.02 and 
0.0 1 for a, a measure of emphysema, and apical versus basilar 
distribution of emphysema, respectively).™ 

Although most studies evaluating the relationship 
between micronutrient intake and lung function are cross- 
sectional in nature, there are a small number of longitudinal 
studies available. In one such study, dietary intake and FEVj 
were measured in a cross-sectional study in 2,633 adults. 
Nine years later, these measures were repeated in 1,346 of 
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the subjects. Higher intakes of vitamin C were associated 
with higher levels of FEVj at both points in time, and the 
decline in FEVj was lowest among those with higher average 
vitamin C intake by 50.8 mL/5 years (95% CI 3.8-97.9) for 
each 100 mg of vitamin C a day.**" Another longitudinal study 
that followed subjects for 4 years found higher vitamin C 
intakes and higher intake of fruits and vegetables were associ- 
ated with an 18 and 24 mL/year slower rate of FEVj decline 
when compared to the lower-intake group {P=Q.QO\ and 
0.003, respectively).**' 

Because nutrients do not occur in isolation and are part of 
an overall diet, studies have also been conducted to determine 
if an individual's dietary pattern is related to measures of 
lung function. Observational studies have shown that adults 
following a "prudent" diet (defined as diets high in intakes of 
fruit, vegetables, oily fish, and whole grains) are positively 
associated with FEVj.**^ Indeed, prudent diets have also 
been associated with a significant reduction in the OR for the 
development of COPD, with reductions in risk ranging from 
25% to 54%. In a rare longitudinal study conducted over 
5 years to evaluate the effect of dietary patterns, a traditional 
diet (higher intake of meat and potatoes, lower intake of soy 
and cereal) was associated with lower FEVj (/'<0.001) and 
an increased prevalence of COPD, and the highest quintile 
of the refined-food diet (higher intakes of mayonnaise, salty 
snacks, candy, high-sugar beverages, white bread) had a 
significantly greater decline in lung ftinction over 5 years 
(-48.5 mL, 95% CI -80.7 to -16.3) when compared to the 
lowest quintile of the refined-food diet.^*" 

Increased consumption of fruits and vegetables has been 
shown to be inversely associated with the development of 
COPD in several studies.**' Other dietary components 
have been implicated in COPD as well, including tea and 
processed meats. Black tea consumption has been shown 
to be significantly higher in smokers who did not develop 
COPD, compared to smokers who did develop COPD.'" Tea 
is considered a rich source of antioxidants due to the high 
concentration of polyphenols. A high intake of cured meats, 
which are high in nitrates, has been positively associated 
with the risk of newly diagnosed COPD and a pattern of 
obstructive lung disease." '^ 

Effect of diet on outcomes in COPD 

In addition to lung-function parameters, diet has been shown 
to play a role in outcomes related to COPD. Indeed, one study 
showed an inverse trend for 20-year COPD mortality across 
tertiles of fruit intake,'^ with a 1 00 g increase in fruit intake at 
baseline associated with a 24% lower COPD mortality risk.'^ 



Analysis of the Seven Countries Study, a population-based 
cohort of 12,763 men, calculated that fruit and fish intake 
together explained about 67% of the variation in COPD 
mortality rates after 25 years.'*'' In an interventional study of 
patients with known COPD, 120 subjects were randomized 
to follow either a diet based on a high consumption of 
fruit and vegetables, or a usual diet for 3 years. The COPD 
patients who followed a diet with a high intake of fruits and 
vegetables showed an annual increase in the percentage 
predicted FEVj, compared to patients on their usual diet, 
who showed a decrease in FEVj over 3 years (P=0.03).'^ 
However, a study of 75 subjects followed for 12 weeks showed 
that while COPD patients were able to increase their intake 
of fruits and vegetables, there were no significant changes 
in systemic or airway markers of inflammation or oxidative 
stress between groups randomized to increase their fruit 
and vegetable intake and controls."" In a study of vitamin D 
supplementation in COPD, no effect on the rate of exacer- 
bations was seen in the entire population; however, analysis 
of a subset of patients with severe vitamin D deficiency did 
show an improvement.'' 

Implications for treatment 

Given the conflicting evidence on the role of diet and lung 
function, and such phenomena as the obesity paradox with 
COPD, how should health care providers proceed? It can 
be suggested that clinicians should consider the possible 
protective effects of BMI before implementing weight-loss 
programs in COPD patients, especially in those with severe- 
lung function impairment. In patients who are overweight or 
obese, fat-free mass index has been shown to be associated 
with higher exercise capacity;'^ therefore, therapies that pro- 
mote weight loss without the loss of lean body mass should 
be considered. Obese patients with COPD can be expected 
to show improvement in pulmonary rehabilitation programs, 
and referrals should be made as such.''"" Furthermore, con- 
current comorbidity related to obesity, such as cardiovascular 
disease, diabetes mellitus type II, and hypertension, should 
be screened and treated. 

Although some results are conflicting, there is a great 
body of evidence that micronutrient intake is associated with 
better lung function in the general population and in patients 
with COPD.''"' '° An adequate intake of micronutrients may be 
of specific concern in obese COPD patients, as poor dietary 
quality and inadequate intake of micronutrients has been doc- 
umented in this population. '"^ As only few intervention stud- 
ies are available, we are not prone to support micronutrient 
supplementation for these patients per se.'"-' However, 
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based on the available research, patients with COPD might 
benefit even more from a healthy diet, and attention should 
be given to these effects.'^ 

If there is an association between micronutrients and 
lung function, should clinicians consider supplementation 
of micronutrients in their patients? In one study, adults at 
high risk for cardiovascular events received antioxidant 
vitamins for 5 years (600 mg vitamin E, 250 mg vitamin C, 
20 mg P-carotene), and the intervention had no effect on 
lung function.'"^ While vitamin A supplementation showed 
beneficial effects on lung function in a small trial (n=12) 
of smokers with COPD,'"* another large trial showed a 
significantly higher incidence of lung cancer in current 
smokers supplemented with a-tocopherol and P-carotene 
for 5-8 years.'"' However, a high intake of p-carotene and 
vitamin E from food was associated with an improve- 
ment in respiratory symptoms.""' The latter study seems 
to suggest that prevention campaigns should stress the 
importance of nutrient intake from food, especially in smok- 
ers. Supplementation of vitamin D in severely deficient 
populations (<10 ng/mL) may have a positive impact on 
rates of exacerbation of COPD;" however, no impact on 
exacerbations has been identified in patients with higher 
25-hydroxyvitamin D levels. There is evidence that a 
significant proportion of patients with COPD are vitamin 
D deficient,""" and careful monitoring of vitamin D sta- 
tus in this population may be prudent. There is also some 
evidence that nutritional factors can reduce the risk for 
lung disease associated with such factors as pollution and 
smoking.""* "° Similarly, a recent trial found that vitamin C 
supplementation during pregnancy improved pulmonary 
function among newborns of smoking women, particularly 
among women with genotypes associated with smoking- 
related lung disease and addiction.'" 

Conclusion and future directions 

A causal relation between obesity, diet, and lung function is 
not directly proven yet, but the data exist to suggest a link 
between these factors. Given the growing worldwide problem 
of obesity in relation to its related comorbidities, strategies 
for prevention and treatment are essential. Whether treatment 
of obesity also results in long-term effects in patients with 
COPD needs further investigation. In addition, the contribu- 
tion of visceral fat mass, irrespective of total body fat mass, 
to the pathophysiology of COPD needs to be further explored 
in future studies. 

Lung-function impairment and COPD can be viewed 
as a complex systemic disease with much comorbidity 



that may require a more comprehensive approach to its 
management. The evidence would seem to indicate that 
nutritional interventions aimed at increasing the intake of 
certain nutrients and controlling obesity might have beneficial 
outcomes in both primary prevention and management of 
lung impairment. Targeting the inflammation associated with 
COPD with nutrients that have powerful anti-inflammatory 
effects might be a novel approach to treatment. Current 
nutritional guidelines for the management of patients with 
COPD, such as GOLD, do not provide any specific guidance 
to either patients or health care practitioners other than to 
avoid weight loss. As the relationships between diet, obesity, 
and COPD are further elucidated, public health campaigns 
targeting weight-management strategies and optimal 
intakes of nutrients with anti-inflammatory properties for 
improvement in lung function and attenuation of inflamma- 
tion can be implemented. However, COPD is an extremely 
heterogeneous disease, and approaches to diet and weight 
that benefit one subset of COPD patients may not have the 
same effect in other subsets. 

While there does appear to be a relationship between 
obesity and lung function, it remains unknown if this holds 
true for diverse populations. Future directions for research 
could include interventional studies designed to assess if a 
change in BMI or measures of abdominal obesity results 
in a corresponding change in lung-function measures, and 
the effect of these parameters at different points in the life 
cycle. With a rise in pediatric obesity that is paralleling, or 
even outpacing, the rise in obesity in the adult population, 
this becomes an important demographic to study. Diseases 
like COPD are complex, multifactorial diseases, involving 
interactions between environmental, genetic, and behavioral 
factors. 

It is always a challenge to separate the direct effect of 
one lifestyle factor, such as obesity or diet, from other overall 
effects of associated lifestyle factors. However, given the role 
of inflammation in the development of COPD, the mechanical 
and inflammatory effects of obesity,'" and the possible 
anti-inflammatory effects of certain nutrients, a biological 
relationship is readily plausible. Given that lung-function 
measures are an independent predictor of mortality in both 
the general population and in those with COPD,""^"^ public 
health initiatives targeting obesity and diet could have a 
profound impact on global health. 
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